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BLOOD FILTER, METHOD AND APPARATUS FOR HEMORHEOLOGICAL MEASUREMENT 



BACKGROUND OF THE INVENTION 

This invention relates to hemorlieologica! mea- 
surement and, more particularly, to a blood filter, a 
method of and apparatus for hemorheologrcal mea- 
surement. 

Conventionally, membranes which have very 
small holes, e.g., Nuclepore filters and nickel mesh 
filters are used to examine the filterability when 
blood passes through the filter, as described on 
pages 42 to 43 of the coilection of papers prepared 
for the meeting of Nippon Biorheology Gakkai in 
1988 (No. 7-31, 7-33 and 7-34). A Nuclepore filter 
is formed of a thin polycarbonate sheet with small 
holes formed therein, and a nickel mesh is formed 
of a thin nickel film with small holes formed therein. 
These types of filters are used in such a manner 
that blood is made to pass through the small holes 
by applying different pressures on the two sides of 
the filter membrane respectively, and that the time 
taken for the blood to pass through the filter is 
measured to estimate the filterability or the defor- 
mability of red blood cells. 

Also, a method of using a filter constructed by 
forming small holes in an Si3N4. membrane formed 
on a surface of a silicon substrate to evaluate the 
deformability of red blood cells is known. An exam- 
ple of this method is described on pages 2,191 to 
2.196 of the Denshi Jyoho Tsushin Gakkai Lecture 
Magazine D (1988). 

In these conventional techniques, the sectional 
configuration of blood cells in the direction of pas- 
sage through the filter cannot be observed although 
the existence of blood ceils can be observed at the 
outlet or inlet of the filter. 

Other problems are also encountered in that 
the length of the flow passages of the filter cannot 
be freely selected, that information on the size or 
volume of one blood cell cannot be separately 
obtained, and that blood cells passing through the 
holes of the filter are not uniformly deformed. 



SUMMARY OF THE INVENTION 

A first object of the present invention is to 
realize a uniform porous filter In which the diameter 
and the length of the filter holes can be set freely 
and in which the sizes of the flow passages are 
uniform. 

A second object of the present invention is to 
enable the sectional configuration of each blood 
cell in the passing direction to be observed during 
passage through the flow passage of the filter. 

A third object of the present invention is to 



^ have data on the size or volume of each blood cell 
separately from other data items. 

A fourth object of the present invention is to 
reduce the dispersion of the evaluation of the de- 

6 formability by uniformlzing the process of deforma- 
tion of blood cells passing through the flow pas- 
sages of the filter. 

To achieve these objects, the inventors have 
invented, in place of membrane filters, a filter con- 

10 structed by sealing, with a flat plate, a surface In 
which fine grooves are formed to define a very fine 
flow passage through which the blood Is passed. 

To achieve, specifically, the first object, a 
micro machining technology for manufacture of 

75 semiconductors is utilized to fomn a multiplicity of 
uniform grooves In one substrate with improved 
accuracy. To achieve the second object, a plate 
having transparency is used as the flat plate for 
sealing the grooves. To achieve the third object, 

20 electrodes are disposed on a surface of the flat 
plate in such a manner that each pair of electrodes 
serve to detect an electric potential difference be- 
tween the inlet and outlet of one groove. To 
achieve the fourth object, the sectional conflgura- 

25 tion of each groove is changed in the longitudinal 
direction thereof, thereby enabling a non-spherical 
blood cell to be positioned so as to face In a 
certain direction immediately before the blood cell 
enters a narrow portion of the groove of the filter. 

30 The grooves to be formed in one substrate are 

formed by lithography and etching. Accordingly, 
the substrate can be formed with a multiplicity of 
grooves uniformly thereon with improved dimen- 
sional accuracy. Then the substrate and the flat 

35 plate are bonded together while being kept in con- 
tact with each other, thereby forming a filter free 
from the possibility of penetration of blood compo- 
nents through the connection interface and having 
flow passages uniform in size. 

40 Blood cellular components, e.g., red blood cells 
flowing through the flow passages while being de- 
formed can be observed via the flat pate with 
which the grooves are sealed. 

The pair of electrodes are disposed at the Inlet 

45 and the outlet of each flow passage to measure the 
size of each blood cell having an electric resistance 
different from that of plasma. That is, the electric 
resistance inside the flow passage varies in propor- 
tion to the volume of the blood cell occupying a 

50 certain capacity in the flow passage when the 
blood cell enters between the electrodes between 
which a certain voltage is applied, and the volume 
of the blood cell can be thereby calculated. The 
provision of the electrodes also makes it possible 
to obtain the time taken for each blood to pass 
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through the flow passage, i.e., data on the defor- 
mability. 

Guide portions are provided so as to make 
blood ceils enter the filter section face in a certain 
direction preliminarily, thereby uniformizing the 
processes of deformation of blood cells passing 
through the flow passages of the filter. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a blood 
filter in accordance with an embodiment of the 
present Invention; 

Fig. 2A is a diagram of a blood filter; 

Fig. 2B is an enlarged diagram of a portion 
A shown in Fig. 2 A; 

Fig. 3 is a front view of a flat glass plate on 
which electrodes are disposed; 

Fig. 4A is a diagram of the arrangement of 
the electrodes on the upstream and downstream 
sides of small holes of the filter; 

Fig. 4B is a graph showing an example of 
the signal obtained by the electrodes; 

Fig. 5 is a diagram of the construction of an 
example of a hemorheoiogical measurement ap- 
paratus in accordance with the present invention; 

Fig. 6 is a three-dimensional display graph 
showing the concept of a histogram used for a 
diagnosis algorism; 

Fig. 7 is a schematic diagram showing the 
appearance of a silicon chip used for blood 
chromatograph; 

Fig. 8 is a schematic enlarged diagram of a 
portion of a blood filter chip In accordance with 
another embodiment of the present Invention; and 

Fig. 9 is a graph showing changes in the 
reflected light intensity with time when the passage 
of a blood cell is detected by using light. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment of the present invention will be 
described below with reference to Fig. 1, Fig. 1 
shows a cross-sectional view of a blood filter In 
accordance with the present Invention, Small holes 
1 which serve as flow passages through which 
blood components can be passed are formed by a 
single crystal silicon substrate 2 and a flat glass 
plate 3. A base plate 4 and and an outer tube 5 are 
provided to enable blood to be introduced into the 
small holes 1 and thereafter discharged. The base 
plate 4 is provided with an inlet 6 for introducing 
blood and an outlet 7 for discharging the blood 7. 
Blood can flow as indicated by arrows 8, 8a, 8b 
and 8c shown in Fig. 1. Pressure sensors 9 and 10 
are provided to monitor pressures inside the flow 



passages, i.e., to detect the difference between the 
pressures on the upstream and downstream sides 
of the small holes 1 in order to constantly maintain 
this pressure difference. Pairs of electrode plates 
v5 11 and 12 are formed by patterning on the flat 
glass plate 3 in the vicinity of the inlets and outlets 
of the small holes and are led to the outside. The 
electrode plates 11 and 12 are used to detect 
whether or not any blood cells pass through the 

10 small holes, the size of the blood cells, and the 
time required for the passage of the blood cells. 

Referring then to Fig. 2A, details of the single 
crystal silicon substrate 2 for forming the small 
holes are illustrated. A through hole 13 for introduc- 

75 ing blood is formed in the substrate at the center 
thereof, and a banl< 4 which constitutes a filter is 
formed around the through hole 13, As can be 
clearly seen in an enlarged vertical cross-sectional 
view of one section of the bank 14 (refer to Fig. 

20 2B), bank 14 has a flat upper surface for connec- 
tion to the flat glass plate, and a multiplicity of 
microscopic grooves 15 through which blood cells 
can be passed are formed In the upper surface of 
the bank 14. Some of the cellular components of 

26 blood introduced through the blood inlet, e.g., red 
blood cells in the flows of plasma pass through the 
groove sealed with the glass plate with those com- 
ponents being deformed. 

A process of manufacturing the main filter por- 

30 tion will be described below. The single crystal 
silicon substrate is formed from a wafer having a 
crystallographic 100 orientation and a thickness of 
about 1 mm. A filter for measuring the defor- 
mability of red blood cells having a diameter of 

36 about 8 iim is formed by, for example, in the 
following manner. A bank having a width of 10 um 
is formed into a regular square having a size of 
about 10 X 10 mm within a region of a silicon chip 
which is generally 1 5 mm square. In a first step of 

40 the process, about 700 parallel grooves having a 
width of 6 um and a depth of 6 um are formed by 
etching so as to be perpendicular to each of the 
four sides of the square. The pitch of the arrange- 
ment of the grooves is about 15 um, the positions 

45 of the grooves correspond to the portion from 
which the bank is thereafter formed, and the length 
of the grooves is long enough to cover the width of 
the bank. Thereafter, portions of the wafer defined 
inside and outside the bank are deeply etched to 

50 form the bank. The height of the resulting bank is 
about 100 um. In this process, it is important to 
exactly adjust one side of the bank extending along 
the square line to the 110 direction of the crystal. 
In this step, the whole surface of the wafer includ- 

55 ing the inner groove surfaces is first covered with a 
layer of SiOa or SI3N4, and the SIO2 or SisN^ 
surface layer is then removed except for the region 
corresponding to the bank, l.e., strip-like portions 
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about 10 mm square having a width of 10 illiti to 
form an etching mask, A hot lithography technique 
Is used for this step. The silicon substrate is there- 
after etched by using an anisotropic etching liquid 
such as a KOH water solution, thereby effecting 
etching until the etched recess has a depth of 
about 100 um with the width of the upper surface 
of the bank being maintained with accuracy, as 
shown In Fig, 2B. As a result, surfaces 15a remain 
as slanting surfaces of the bank. 

After etching, the remaining Si02 or Si3N4. sur- 
face layer is removed from the surface of the 
silicon substrate, and a plate having a thickness of 
about 1 mm and formed of a Pyrex glass is placed 
on and connected to the upper surface of the 
substrate, thereby completing the small holes. For 
the connection between glass and silicon, it is 
preferable to utilize a method of anodic bonding in 
which a DC voltage of several hundred volts is 
applied to the bonded interface in an atmosphere 
of a temperature of about 400 'C. This method 
eliminates the risk of leakage of the specimen 
through the interface between glass and silicon. 
However, according to use, a method of mechani- 
cally retaining the glass and the silicon substrate In 
a super posed state can be adopted in consider- 
ation of convenience of cleaning during repeated 
use of the filter. 

As is apparent from this working process, the 
size of the grooves formed in the single crystal 
silicon by working based on lithography and etch- 
ing can be selected as desired, and the uniformity 
of the sizes of the grooves is high even if the 
number of the grooves is large, thus achieving the 
first object of the present invention. Also, the sec- 
ond object of the present invention relating to visu- 
alization of the deformation of blood cells during 
passage through the filter can be achieved by 
observation from the surface of the Pyrex glass. 

Next, functions of acquiring data on the volume 
of blood cells relating to the third object of the 
present invention will be described below. For this 
purpose, the pairs of electrodes 11 and 12 are 
disposed on the upstream and downstream sides 
of the filter, as shown in Fig. 1. Figs. 3 and 4 show 
a method of placing the electrodes and the princi- 
ple of blood cell volume measurement. Fig. 3 
shows the upper surface of the flat glass plate 3, 
the chain line In Fig. 3 indicates the position of the 
bank extending along the square line. Inside the 
bank are disposed the common electrodes 11 
formed by patterning in positions corresponding to 
the small holes. The electrodes 12 opposed to the 
electrodes 11 are disposed in association with the 
respective small holes and are independently led to 
the outside. Rg. 4A shows an enlarged view show- 
ing the relationship between the small holes and 
the electrodes. The electrodes 11 and 12 are 



formed by depositing, for patterning, platinum on 
the flat glass plate and are fixed after being cor- 
rectly positioned at the inlets and outlets of the 
grooves 15 on the bank 14. 

6 ^ The volume of blood cells can be measured by 
using these electrodes on the basis of the following 
principle. If the electric resistance of a blood cell is 
rx, the volume of the blood cell is x, the total 
volume in the small hole is v, and further the 

10 resistivity of plasma Is r, the resistance R between 
the electrodes 11 and 12 when the blood cell exists 
in the small hole can be expressed by the following 
equation: 

15 R = 0 + {-^-1)-f}Ro (1) 

where Ro represents a resistance when no blood 
cell exists In the small hole. Ro is expressed by an 
equation with a sectional area a and a length i: 
Ro = r I (2) 

20 The volume x of the blood cell can be cal- 
culated as a function of the resistance between the 
electrodes by utilizing the relationship expressed 
by equation (1). There are conditions of the cal- 
culation of the volume using equation (1) that the 

25 volume X of the blood cell is smaller than the 
volume of the small hole, and that the diameter of 
the blood cell is larger than the diameter of the 
small hole. 

Fig, 3 also shows an example of a circuit for 

30 obtaining the change in the resistance between the 
electrodes as a voltage signal. A voltage signal Vi 
which represents a result of detection that a blood 
cell has entered the i-th small hole changes with 
time, as shown In the graph of Fig. 4B, Data on the 

35 volume of the blood ceil is obtained from a height 
X of the waveform while the time required for the 
passage of the blood cell is obtained from the 
width of the waveform. The third object of the 
present Invention Is achieved by this method. 

40 Fig. 5 shows an example of a hemorheological 
measurement apparatus based on the combination 
of the above-described means. This apparatus op- 
erates to Introduce blood injected through a sample 
inlet 18 Into a discharge section 19 via the filter in 

45 accordance with the present invention. The appara- 
tus is not only capable of directly introducing the 
blood into the filter but also capable of mixing the 
blood in a different liquid such as a physiological 
saline or a liquid containing a physiologically active 

50 substance and thereafter introducing the mixture 
into the filter. For this operation, a plurality of 
solution bottles 30 are connected to the flow pas- 
sage through a mixer. The difference between the 
pressures on the upstream and downstream sides 

55 of the filter is controlled by a circuit for differential 
pressure control so as to be maintained at a pre- 
determined pressure. Morphological data on blood 
cells is obtained by observation with a TV camera 
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through the glass of the filter, and Information on 
whether or not any lesion exists Is extracted by an 
Innage processor. Data on the number of blood 
cells, the time required for the passage, the size of 
blood cells Is obtained from the change in the 
resistance between electrodes Ei and E2 by a 
signal processing circuit. A diagnostic circuit com- 
bines these information items to obtain the result of 
diagnosis. 

An example of algorism for diagnosis will be 10 
described below. 

The volume and the passage time of Individual 
blood cells can be detected, and the numbers of 
blood cells having passage time and the volume in 
particular ranges are expressed by a histogram. is 
Accordingly, by obtaining the result of the mea- 
surements about a lot of blood cells, it is possible 
to prepare such frequency histogram In two vari- 
able parameters as shown in Fig. 6. 

Whether the sample blood Is normal or not can 20 
be judged statistically by comparing a histogram 
21 relating to normal blood and a histogram 22 
relating to a sample blood. 

For example, changes in red blood cell defor- 
mability can be detected by this method even 25 
when their effects on passage time are masked by 
change in cell volume. 

More concretely, it is the simplest method to 
compare a permissible range of deviation (a) In the 
histogram 21 relating to a normal blood (illustrated 30 
by hatching) and a value (Vs, Ts) if the volume of 
blood cell and the passage time of blood cell which 
correspond to the peak in the histogram 22 relating 
to the sample blood are respectively Vs and Ts on 
the coordinate which consists of axes of the vol- 35 
ume of blood cell and the passage time of blood 
cell in Fig. 6. 

That is, it is possible to judge whether or not a 
significant difference between the normal blood 
and the sample blood exists by detecting whether 40 
or not a value of maximum likelihood (Vs. Ts) is 
within the range (a). It is possible to further Improve 
the reliability of the diagnosis by a statistic analysis 
which effects numerical processing in a similar 
manner with respect to the correlation between 45 
three or more information Items, for example, the 
existance of hemolysis, the viscosity of blood and 
the reaction of physiologically active substances. 

For health examination, data on whether or not 
a hemolysis, i.e., rupture of erythrocytes takes so 
place is Important Whether or not blood cells 
rupture during the passage through the blood filter 
can be known by observation with the TV camera 
through the filter section and can be also detected 
as a change in the color of the plasma In such a 55 
manner that, as shown in Fig. 5. a sample 8c 
flowing out of the filter to the discharge section 19 
is introduced into a transparent pipe, and the ab- 



sorbancy of the sample is measured by transmit- 
ting light through the sample. This is particularly 
useful when changes In several quantities take 
place simultaneously and their effects on passage 
time counteract each other. 

Further, the viscosity of blood can be mea- 
sured by selecting a size of the holes of the blood 
filter larger than the diameter of blood cells. Let the 
viscosity of blood be u, the representative size 
(diameter) of the filter hole be d, the length be L. 
the difference between the pressures on the up- 
stream and downstream sides of the filter be AP, 
and the flow rate be Q, Then, a relationship: 

d4AP 



is established from the equation of Hagen- 
Poiseuille. An abnormality of the coefficient of vis- 
cosity can be found from this relationship. 

To put the present invention into practice, it is 
effective to provide the surfaces of the small holes 
of the filter with hydrophillc properties. For this 
purpose, it is desirable to cover the silicon surface 
with a silicon dioxide film. Further, the blood cell 
transit velocity can be greatly changed by coating 
the surfaces of the small holes with a material 
interactive with blood cells. It is thereby possible to 
selectively extract characteristics of blood cells. For 
this purpose, it is effective to previously coat the 
small hole surfaces with a specific polymer ma- 
terial such as a protein. 

The velocity at which blood cells pass through 
the filter can also be greatly changed by mixing a 
physiologically active substance in the sample 
blood. This effect can be achieved in the case of 
the hemorheological measurement apparatus 
shown in Fig. 5 by providing a passage for mixing, 
through the mixer, a physiologically active sub- 
stance in the sample flow before it enters the filter. 
For example, If a physiologically active substance 
FMLP acts on white blood cells, the velocity at 
which white blood cells pass through the filter is 
greatly reduced. Platelets coagulate by the effect 
of addition of ADP, resulting in a deterioration of 
the filterability of the blood. It Is possible to sepa- 
rate blood data items including that on the activity 
of white blood cells and that on the coagulability of 
platelets by utilizing such selective changes in the 
activity. Various types of sensors may be disposed 
In the flow passage from the blood inlet 18 to the 
outlet 19 to simultaneously detect the osmiotic 
pressure, the Ion concentration, and so on, thereby 
achieving more precise analysis. 

The blood filter shown in Fig. 2A is a single- 
stage filter. However, a chromatograph can be 
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made if the blood filter Is constructed as a cascade 
type. A cascade filter can be constructed on one 
silicon chip, as sliown in Fig. 7. That is, four stage- 
bank portions 26 are formed between a blood inlet 
24 and a blood outlet 25. Because the time re- 
quired for the passage through one stage-filter 
stage varies depending upon the deformability, 
blood cells passed through the cascade filter are 
classified with respect to the degrees of defor- 
mability on the basis of the time taken to reach the 
outlet. Blood cells classified may be extracted for 
examination of their other characteristics. 

In the described embodiment, the structure of 
the filter is uniform in the longitudinal direction. 
However, other types of structure may be adopted. 
For example, as shown in Fig. 8, if the silicon 
substrate is worked so as to change the sectional 
configuration of each groove changed in the lon- 
gitudinal direction and then is sealed at the upper 
surface with a flat glass plate, the following effects 
can be achieved. 

First, the orientation of each blood cell moving 
toward a filter section 27 can be set to a certain 
direction in a guide portion 28 positioned on the 
upstream side. It is thereby possible to uniformize, 
in particular, the processes of deformation of non- 
spherical blood cells in the filter section. As a 
result, the dispersion of data on the deformability of 
blood cells is reduced and the reliability of the 
information is Improved. 

A second effect resides In that the volume of 
each blood ceil and the filter passage time can be 
measured by an optica! means without using the 
above-described electrode structure. In this case, 
the structure of the filter is such that grooves 28 
and 28a having a size generally equal to or slightly 
larger than the diameter of the blood cell are 
formed on the upstream and downstream sides of 
a filter section 27, as shown in Fig, 8. The surfaces 
of the above constructed grooves are irradiated 
with a light beam to measure the reflected light 
intensity during the passage of the blood cell. Fig. 
9 shows a result of a measurement using this filter 
structure. Peaks 29 and 29a of the waveform cor- 
respond to scattered light produced when the 
blood cell passes through the grooves 28 and 28a, 
and the height H of the peaks is used as data on 
the volume of the blood cell. The time interval T 
between the two peaks corresponds to the time 
taken for the blood cell to pass through the filter. 

This embodiment can be realized by providing 
a light source, a lens system and an optical system 
instead of conducting image processing with a TV 
camera. It is therefore possible to construct a low- 
cost system. 

In a measurement system for detecting pas- 
sage of a blood cell from changes in the resistance 
between the electrodes or from changes in the 



scattered light intensity, an unusable state by clog- 
ging of blood cells in the filter can be known from 
an abnormal value of the resistance between the 
electrodes or from an abnormal value of the re- 

5 ^ fleeted light intensity. A hemorheological measure- 
ment system can be easily constructed to alarm 
the operator for exchange of the filter from an 
abnormal signal representing such an abnormality. 
To reduce the frequency of exchange of the filter 

10 by obstructions therein, the arrangement may be 
such that a plurality of filter systems are formed on 
one silicon chip and each filter system Is selected 
by suitably changing over flow circuits, thereby 
achieving a further improvement in the efficiency of 

15 hemorheological measurement. 



Claims 

20 1. A blood filter comprising a first substrate 
characterized by having a plurality of small grooves 
formed on a surface thereon; and a second sub- 
strate having a flat surface abutting on convex 
portions of said grooves on said surface of said 

25 first substrate. 

2. A blood filter according to claim 1, char- 
acterized in that said first substrate is formed of a 
single crystal silicon. 

3. A blood filter according to claim 1, char- 
30 acterlzed in that said second substrate is transpar- 
ent. 

4. A blood filter according to any one of claims 
1 to 3. characterized by further comprising a pair of 
electrodes disposed in the vicinity of an Inlet end 

35 and an outlet end of a blood passage defined by 
said groove of said first substrate and said flat 
surface of said second substrate, 

5. A blood filter according to Claim 1, char- 
acterized in that said blood filter is a cascade filter. 

40 6. A blood filter according to Claim 1, char- 
acterized In that a sectional configuration of said 
blood flow passage is formed so as to change in a 
direction In which the blood flows. 

7. A blood filter according to Claim 1, char- 
45 acterlzed in that a hydrophilic coat is formed on a 

surface of said blood flow passage. 

8. A blood filter according to Claim 1, char- 
acterized in that said surface of said blood flow 
passage is coated with a polymer material. 

50 9, A method of hemorheological measurement 
characterized by comprising a step of measuring 
deformability of a component of the blood by de- 
tecting a time taken for the component of blood to 
pass through said blood filter In claim 1 at a 

55 predetermined pressure. 

10. A method of hemorheological measure- 
ment characterized in that comprising a step of 
applying a predetermined voltage between a pair of 



6 



11 EP 0 368 241 A2 12 



electrodes disposed in the vicinity of an iniet end 
and an outlet end of a blood filter, and a step of 
counting the number of particles in the blood by 
counting the number of predetermined pulsatile 
voltage-changes caused during the blood is pass- ^ 
ing through the blood filter. 

1 1 . A method of hemorheological measurement 
according to claim 10, characterized in that the 
volume of each particle is calculated by measuring 

the pulse width of the corresponding pulsatile volt- io 
age change. 

1 2. A method of hemorheological measurement 
according to any one of claims 9 to 11, character- 
ized in that the sample blood is statistically dis- 
criminated from normal blood by a frequency histo- is 
gram related to at least two parameters; the time 
taken for a particle in the blood filter and one of the 
length and the volume of the particle in the blood 
during passage through the blood filter. 

13. A method of hemorheological measurement 20 
according to any one of claims 9 to 11, character- 
ized in that the minimum diameter of a blood flow 
passage of the blood filter is larger than the diam- 
eter of the particles, and the viscosity of the blood 

is measured when the blood is made to flow 25 
through the blood flow passage. 

14. A method of hemorheological measurement 
according to any one of claims 9 to 11, character- 
ized in that a physiologically active substance is 
mixed in the blood. 30 

15. A blood filter according to any one of 
claims 1 to 8, characterized by further comprising 
means for making the pressure on the upstream 
and downstream sides of said filter different from 
each other, and means for obtaining a signal repre- 36 
senting the number of blood ceils passing through 

said filter, the passing time, an size of the blood 
cells. 

16. An apparatus for hemorheological measure- 
ment according to claim 15, characterized by fur- 40 
ther comprising means for Irradiating the blood 
flowing through the blood flow passage of said 
blood filter, and means for detecting scattered light 
from blood cells in the blood. 

17. An analyzer characterized by comprising 45 
said blood filter according to claim 5, further com- 
prising means for measuring the difference be- 
tween the times taken for components of the blood 

to pass through said blood filter. 
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